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This application should be rejected on the reasons described in below. If there is 
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Reason 1. The claimed invention of the subject application cannot be granted under the 
provision of Patent Law Article 29 Section 2 since it could have been made without 
difficulty by a person having an ordinary knowledge in the technical field to which the 
invention pertains, on the basis of the following publication which was distributed in 
Japan or foreign countries prior to the filing of the subject patent application. 



To the claims 1, 2, 4, 18, 19 

Cited Reference: Dl Unexamined Japanese Patent Publication HEL 10-190423 
Remarks: 

Since the constitution described in the claims is not clear as mentioned in the 
reason 2 (a), any feature having especial technical significance cannot be found out 
when compared to the delay circuit in Dl. 

Reason 2. This application does not comply with the requirements of Article 36 
Sections 4, 5 and 6 of the Patent Law because description of the claims and the drawings 
are not properly prepared as pointed out below. 
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NOTE 

The constitution of the invention described in the claims is unclear. Further, 
correspondence of the claims to the detailed description of invention and the drawings, 
and operation and function of the invention are also unclear. 

(a) The claims 1, 2 and 18 include the following descriptions. 

"a first portion providing a variable amount of delay substantially independently of 
process, temperature and voltage variations" 

"said first signal path being substantially tracking changes in process, temperature 
and voltage variations" 

However, in the detailed description of invention, there is not described how to 
implement such characteristic features, and therefore the constitution, operation and 
function of the present invention are unclear. 

(b) [The translation is omitted because the objection at this item resides in only the 
Japanese text.] 



Record of Prior Art Search Result 
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This record as the result of prior art search does not constitute the reason for refusal. 

At present, no reason for refusal is found with respect to the claimed invention 
other than indicated in this notice. When a new reason for refusal is found, another 
notice shall be issued. 
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(54) DELAY CIRCUIT 

(57) Abstract 

PROBLEM TO BE SOLVED: To provide a delay circuit 
which sets an entire delay time within a variable range 
and also realizes an exceSent monotonous characteristic. 

SOLUTION: A course delay circuit 20 which derives a 
prescribed delay output from each level of a delay stage 
of plural levels which are cascaded is cascaded to a 
fine delay circuit 30 which adjusts a delay time equal 
to or more than the one step delay time. This makes it 
possible to set an entire delay time within a variable 
range and to control a shorter delay amount of a 
picosecond order One step delay time of the circuit 20 
becomes equal to a maximum variable time of the circuit 
30 by using a delay stage which has the same circuit 
configuration as a delay stage which constitutes and is 
cascaded to the circuit 20 for the circuit 30, and 
therefore, an excellent monotonous characteristic can be 
realized. 
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* NOTICES * 
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daiagea caused by the bso of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
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2. **** shows the word which can not be translated. 
3 Jn the drawings, any words are not translated. 



CLAIMS 



[Clalm(s)3 

[Claim 1] The course delay circuit which can derive a predetermined delay output from two or 
more steps of each stage of a delay stage by which cascade connection was carried out, and the 
delay circuit where It has the fine delay circuit which can be set as the time amount of 
arbitration at least within the time delay of one delay stage of the above-mentioned course delay 
circuit, and cascade connection of the above-mentioned course delay circuit and the above- 
mentioned fine delay circuit is carried out in the time delay. 

[Claim 2] It has the 1st time delay for an input signal. Two or more steps of delay stages which 
can be delayed and by which cascade connection was carried out mutually. Two or more 
differential amplifier which has the current switch which supplies the operating current to the 
transistor for differential amplifiers of the pair connected to each interstage of the delay stage of 
these two or more stages, and the transistor for differential amplifiers of this pair from a current 
source, The course delay circuit equipped with the common output circuit connected common to 
each output of the transistor for differential amplifiers of the pair of two or more above- 
mentioned differential amplifier. The transistor for differential amplifiers of a pair by which the 
input signal was connected to the Input side and output side of the delay stage which can be 
delayed, and the delay stage concerned with the 2nd time delay, respectively, The fine delay 
circuit where each output of the transistor for differential amplifiers of the pair of the input side 
concerned and an output side was equipped with the common output circuit connected In 
common. According to directions of an external signal, control alternatively the current switch of 
two or more differential amplifier of the above-mentioned course delay circuit, and the 
differential amplifier of 1 is operated. The delay circuit which has the control circuit which 
adjusts the amount of operating currents to the transistor for differential amplifiers of the pair of 
the input side of the delay stage of the above-mentioned fine delay circuit and an output side 
complementary. 

[Claim 3] The 2nd time delay of the delay stage of the above-mentioned fine delay circuit is a 
delay circuit according to claim 2 set up for a long time than the 1st time delay of the delay 
stage of the above-mentioned course delay circuit. 

[Claim 4] The 2nd time delay of the delay stage of the above-mentioned fine delay circuit is a 
delay circuit according to claim 2 set up equally to the 1st time delay of the delay stage of the 
above-mentioned course delay circuit 

[Claim 5] The resistance element to which the above-mentioned course delay circuit connects a 
current source, and the 1st and 2nd 1st current sources of the above and 2nd current sources, 
The 1st transistor by which the collector was connected to the transistor for differential 
amplifiers of the pair of the above-mentioned input side, and the emitter was connected to the 
1st current source of the above. It has the 2nd transistor by which the collector was connected 
to the transistor for differential amplifiers of the pair of the above-mentioned output side, and 
the emitter was connected to the 2nd current source of the above. The above-mentioned 
control circuit The delay circuit according to claim 2 which adjusts the base potential of the 1st 
transistor of the above, and the 2nd transistor complementary. 

t Claim 60 Jt )e tho doloy oirourt ooeordln^ to c)«tm 2 where tfie above— me ntroned course delay 
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\ circuit has two or more current sources from which a current value differs, and the switching 

circuit which connects each above-mentioned current source to either the transistor for 
differential amplifiers of the pair of the above-mentioned Input side, and the transistor for 
differential amplifiers of the pair of an output side alternatively based on a control signal, and the 
above-mentioned control circuit outputs the above-mentioned control signal to the above- 
mentioned switching circuit* 

[Claim 7] The above-mentioned course delay circuit is a delay circuit according to claim 2 which 
has the differential amplifier which equips the transistor for differential amplifiers of a pair, and 
the transistor for differential amplifiers of this pair with the current switch which supplies the 
operating current from a current source, and by which the output was connected to the input 
side of the delay stage of the first rank in the common output otrourt of the course delay circuit 
concerned. 

[Claim 8] The above-mentioned course delay circuit is a delay circuit according to claim 2 which 
has a buffer circuit between two or more above-mentioned current amplifiers and the above- 
mentioned common output circuit. 
• [Claim 9] The current switch of two or more differential amplifier of the above-mentioned course 

delay circuit is a delay circuit according to claim 2 which is connected to a common current 
source and supplies the operating ourrent from the common current source concerned. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates a time delay to the delay circuit which can be set 

as arbitration. 

[0002] 

[Description of the Prior Art] The applicant was excellent In the linearity of delay characteristics 
whioh are Indicated by JP.4-17410.A and JP.4-268810A and proposed the suitable delay circuit 
for IC circuit tester etc. 

[0003] While connecting with each interstage of the input terminal with which the input signal 
which should be delayed is supplied, two or more steps of delay stages by whioh consisted of an 
N stage (N>=2), and cascade connection was carried out mutually, and the delay stage of these 
two or more stages, the former delay circuit specifically Two or more differential amplifier which 
has the current switch which supplies the operating current to the transistor for differential 
amplifiers of a pair, and the transistor for differential amplifiers of this pair from a common 
current source. It has the common output terminal connected common to each output of the 
transistor for differential amplifiers of the pair of two or more above-mentioned differential 
amplifier, and the control oirouit which controls alternatively the current switch of two or more 
above-mentioned differential amplifier. 

[0004] Even when the delay circuit whioh has such a configuration chooses which current switch 
of two or more differential amplifier, since the amount of delay by the differential amplifier uses a 
single common current source. It has the advantage that reduction of power oonsumption can be 
aimed at, while the linearity of delay characteristics becomes good, since it becomes fixed. 
[0005] Moreover, when the latter delay ciroult sets the input terminal with which the input signal 
which should be delayed Is supplied, the output terminal which derives the delayed signal, an 
input terminal and the resistance element inserted between output terminals, and unit capacity 
to C r n capacitative elements which have respectively C, 2C and 40. — , the capacity 2n-1 C 
Becoming and by which one edge each was connected In common to the outgoing end of a 
resistance element. It has n selection means to Impress alternatively the signal or reference 
potential level of an input signal, opposition, or an inphase to each other end of this n 
capacitative element. 

[0006] In this delay oirouit, one edge each can change the capacity of a capacitative element 
seemingly by whether the signal of an input signal, opposition, or an inphase is impressed to the 
outgoing end of a resistance element at the other end of n capacitative elements by which 
common connection was made. Thus, the time delay of arbitration can be set up by controlling 
the capacity C of CR time constant circuit control of the shorter amount of delay of picosecond 
order is possible, and there is an advantage that delay characteristics excellent in linearity are 
obtained. 
[0007] 

[Problem(s) to be Solved by the Invention] However, although the amount of delay by the 
differential amplifier has the advantage that reduction of power consumption can be aimed at 
since it uses a single common current source while the linearity of delay characteristics 
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becomes good, since ft becomes fixed, oontrol of the shorter amount of delay of picosecond 
order is difficult for it in the former delay circuit 

[0008] Moreover, as mentioned above, can set up the time delay of arbitration and oontrol of the 
shorter amount of delay of picosecond order Is possible in the latter delay circuit Although there 
is an advantage that delay characteristics excellent in linearity are obtained, since the maximum 
variable time is independent of 1 step time of a coarse-control delay oirouit (oourse delay 
circuit). Since the maximum variable time of a fine-tuning circuit (fine delay circuit) needed to be 
set up more greatly than 1 step time of a course delay circuit the problem was in monotonicity. 
[0009] This invention is made in view of this situation, and the purpose can set up all time delays 
in an adjustable range, and is to offer the delay circuit which can realize the monotonicity 
property which was moreover excellent 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in the course 
delay circuit which can derive a predetermined delay output from two or more steps of each 
stage of a delay stage where cascade connection of the delay circuit of this invention was 
carried out and the time delay, it has the fine delay circuit which can be set as the time amount 
of arbitration at least within the time delay of one delay stage of the above-mentioned course 
delay circuit and cascade connection of the above-mentioned course delay circuit and the 
above-mentioned fine delay circuit is carried out 

[001 1] The delay circuit of this Invention has the 1st time delay for an input signal. Moreover, 
two or more steps of delay stages which can be delayed and by which cascade connection was 
carried out mutually. Two or more differential amplifier which has the current switch which 
supplies the operating current to the transistor for differential amplifiers of the pair connected to 
each interstage of the deiay stage of these two or more stages, and the transistor for differentia! 
amplifiers of this pair from a current source, The course delay circuit equipped with the common 
output circuit connected common to each output of the transistor for differential amplifiers of 
the pair of two or more above-mentioned differential amplifier. The transistor for differential 
amplifiers of a pair by which the input signal was connected to the input side and output side of 
the delay stage which can be delayed, and the delay stage concerned with the 2nd time delay, 
respectively, The fine delay circuit where each output of the transistor for differential amplifiers 
of the pair of the input side concerned and an output side was equipped with the common output 
circuit connected In common, According to directions of an external signal, control alternatively 
the current switch of two or more differential amplifier of the above-mentioned course delay 
oirouit and the differential amplifier of 1 Is operated. It has the control oirouit which adjusts the 
amount of operating currents to the transistor for differential amplifiers of the pair of the input 
side of the delay stage of the above-mentioned fine delay circuit and an output side 
complementary. 

[0012] Moreover, the 2nd time delay of the delay stage of the above-mentioned fine delay circuit 
is suitably set up for a long time or equally from the 1st time delay of the delay stage of the 
above-mentioned course delay circuit 

[0013] In the above-mentioned delay circuit moreover, the above-mentioned course delay 
circuit The resistance element which connects a current source, and the 1st and 2nd 1st 
current sources of the above and 2nd current sources, The 1st transistor by whioh the collector 
was connected to the transistor for differential amplifiers of the pair of the above-mentioned 
input side, and the emitter was connected to the 1st ourrent souroe of the above. It has the 2nd 
transistor by which the collector was connected to the transistor for differential amplifiers of the 
pair of the above-mentioned output side, and the emitter was connected to the 2nd current 
source of the above, and as for the above-mentioned oontrol circuit the base potential of the 
1st transistor of the above and the 2nd transistor Is adjusted complementary. 
[0014] Moreover, in the above-mentioned delay circuit, the above-mentioned course delay 
circuit has two or more current sources from which a current value differs, and the switching 
circuit whioh connects each above-mentioned current source to either the transistor for 
differential amplifiers of the pair of the above-mentioned input side, and the transistor for 
differential amplifiers of the pair of an output side alternatively based on a control signal, and the 
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above-mentioned control circuit outputs the above-mentioned control signal to the above- 
mentioned switching: circuit 

[0015] According to the delay circuit of this invention, all time delays can be set up in an 
adjustable range by carrying out cascade connection of the course delay circuit which can derive 
a predetermined delay output from two or more steps of each stage of a delay stage by whioh 
cascade connection was carried out and the fine delay circuit which can acgust the time delay 
beyond it or it Is equal to the 1 step time delay. Moreover, by using the delay stage of the same 
circuitry as the delay stage which constitutes a course delay circuit and by which cascade 
connection was oarried out for a fine delay ciroult 1 step time delay of a course delay circuit 
and the maximum variable time of a fine delay circuit become equal, and the outstanding 
monotonlclty property can be realized. Furthermore, since the circuitry of a course delay circuit 
and a fine delay circuit is the same, the delay fluctuation to process dispersion, a temperature 
change, and a source effect Is reduced considerably. 
[0016] 

[Embedment of the Invention] Drawing 1 is the circuit diagram showing 1 operation gestalt of 
the delay circuit concerning this invention. The course delay circuit 20 which can derive a 
predetermined delay output from two or more steps of eaoh stage of a delay stage where 
cascade connection of this delay circuit 10 was earned out as shown in drawing 1 (Course Delay 
Circuit; programmable delay circuit). Cany out cascade connection of the fine delay circuit (Fine 
Delay Circuit; adjustable delay circuit) 30 which can acgust the time delay beyond it or it is equal 
to the 1 step time delay, and it is constituted It is constituted so that adjustment of the time 
delay of the course delay circuit 20 and the fine delay circuit 30 may be performed based on the 
change-wer signal S401. and the adjustment signal VADJ, and V/ADJ by the control circuit 
40. The delay oiroult 10 of drawing 1 is the example of a configuration by whioh cascade 
connection of the fine delay circuit 30 was carried out to the preceding paragraph of the course 
delay circuit 20. 

[001 7] The course delay circuit 20 is two or more steps (for example, N steps) where the time 
delay was set as tauC. however, the delay stage G201 of 2 input 2 output which outputs and 
Inputs N>==2, for example, the signal of opposition, and Q — 202, G203. _ (Q20N : don't do 
Illustration of—) — The npn mold transistor QD201 for differential amplifiers, QD202, QD203, 
and QD204, QD205, QD206, QD207, QD208, ... the npn mold transistors QS201 and QS202 for a 
current switch, QS203. QS204, and - (— QS20N : don't do illustration of — ) — The npn mold 
transistor QO201 for an output, QO202, the common current source 1201, the current sources 
1202 and 1203 for output stages and the resistance element R201 for loads, and R202 It is 
constituted 

[0018] transistor QD201 And QD202 emitters connect — having — the base — the 1st delay 
stage Q201 of the first rank of two outputs of the fine delay circuit 30 of the preceding 
paragraph, and the course delay circuit 20 ft connects among two inputs of positive/negative, 
respectively — having — eaoh oolleotor — the transistor QO201 of a common output stage, and 
QC202 It connects with the base, respectively. Moreover, the node of emitters is connected to 
the collector of the transistor QS201 as a current switch. 

[0019] And the base of the transistor for differential of a pair is connected also to the interstage 
of each delay stage. Namely, the 1st delay stage Q201 A forwarti side output and the 2nd delay 
stage G202 It is a transistor QD203 between forward side inputs. The base is connected and it is 
the 1st delay stage G201, A negative side output and the 2nd delay stage Q202 It is a transistor 
QD204 between negative side inputs. The base is connected Transistor QD203 QD204 Emitters 
are connected and the node is the transistor QS202 as a current switch. It connects with the 
collector. Moreover, a transistor QD203 and Q204 Each collector is the transistor QO201 of a 
common output stage, and QP202. It connects with the base, respectively. The 2nd delay stage 
Q202 A forward side output and the 3rd delay stage Q203 It is a transistor QD205 between 
forward side Inputs. The base Is connected and it is the 2nd delay stage G202. A negative side 
output and the 3rd delay stage Q203 It is a transistor QD206 between negative side inputs. The 
base is connected Transistor QD205 QD206 Emitters are connected and the node is the 
transistor QS203 as a current switoh. It connects with the collector. Moreover, a transistor 
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QD205 and QD206 Each collector is the transistor QO201 of a common output stage, and 
QO202. It connects with the base, respectively. The base of the transistor for differential 
amplifiers is connected to the interstage of each delay stage like the following. 
[0020] moreover, eaoh transistor QD201 for differential amplifiers, QD203, QD205, QD207, and .. 
the collector of** — resistance element R201 minding — a transistor QD202, QD204 and 
QD206, QD208, and - the collector of** — resistance element R202 minding — common supply 
terminal TVCC of supply voltage VCC It connects, moreover, the transistor QS201 as a current 
switch, QS202, QS203. QS204, and ~ the emitter of** — ourrent value Iref Common current 
souroe 1201 h connects. And transistor QS201 The base is the change-over terminal TSW1. It 
connects and Is a transistor QS202. The base is the change-over terminal TSW2. It connects 
and is a transistor QS203. The base is the change-over terminal TSW3. Transistor QS20N which 
connects and is not illustrated The base is the change-over terminal TSWN. It connects. 
[0021] Furthermore, the transistor QO201 for an output and QO202 A collector is the common 
supply terminal TVCC of supply voltage VCC. It connects. Transistor QO201 An emitter is a 
current source 1202. While connecting, it connects with output terminal T/OUT. Transistor 
QO202 An emitter is a ourrent souroe 1203. While connecting, it is an output terminal TOUT. It 
connects. 

[0022] It sets in the above-mentioned configuration and they are the transistor QD201 for 
differential amplifiers, and QO202. And transistor QS201 for a current switch The 1st differential 
amplifier D201 It is constituted Similarly, the transistor QD203 for differential amplifiers and 
QD204 are constituted. And transistor QS202 for a current switch The 2nd differential amplifier 
D202 It is constituted and they are the transistor QD205 for differential amplifiers, and QD206. 
And transistor QS203 for a current switch The 3rd differential amplifier D203 It is constituted 
and they are the transistor QD207 for differential amplifiers, and QD208. And transistor QS204 
for a ourrent switch The 4th differential amplifier D204 

[0023] It Is more nearly alternatively switched to these differential amplifier D201. D202, D203. 
D204, .., the change-over signal S401 from * ********* 40, S402, S403 f S404, and and 
actuation control is carried out Specifically, It is the 1st differential amplifier D201. When it is 
chosen and is in an operating state, from 0, the signal which received delayed action is amplified 
and only maximum tauF is outputted as it is in the fine delay circuit 30. When the time delay 
acquired here is set to deltatauF, it is the 2nd differential amplifier D202. The signal with which 
only deltatauF received delayed action in the fine delay circuit 30 when it was chosen and was in 
an operating state is the 1st delay stage G201. The signal with which only time amount tau C 
was further delayed, and only dettatauF+tau C was delayed on the whole is amplified and 
outputted. Similarly, it is the 3rd differential amplifier D203. The signal with which only deltatauF 
received delayed action in the fine delay oircuit 30 when it was ohosen and was In an operating 
state Is the 1st and 2nd delay stage G201 and Q202. The signal with which only time amount 
2tau C was further delayed, and only deltatauF+2tau C was delayed on the whole is amplified and 
outputted In addition, In this explanation, the time delay of the output stage of the fine delay 
oircuit 30 is not taken into consideration. 

[0024] Drawing 2 is drawing showing the delay characteristics of the course delay circuit 20 
which have the above-mentioned configuration. In drawing 2 , an axis of abscissa expresses the 
input terminal of a change-over signal, and the axis of ordinate expresses the time delay, 
respectively. The course delay circuit 20 of drawing 1 has very good linearity by the unit width of 
face of tauC so that clearly from drawing 2 . 

[0025] The delay stage G301 of 2 Input 2 output where, as for the fine delay circuit 30, the time 
delay as which the signal of opposition is inputted was set as tauF. The npn mold transistor 
QD301 for differential amplifiers, QD302, QD303, and QD304, The npn mold transistor QS301 for 
a current switch. QS302, the npn mold transistor QO301 for an output, QO302, a current source 
1301, 1302, 1303, and 1304 And a resistance element R301, R302. and R303 It is constituted. 
[0026] Transistor QD301 And QD302 Emitters are connected and the base is the signal VIN of 
opposition, and V/IN. An Input terminal TIN and T/IN Delay stage Q301 Connecting among two 
inputs of positive/negative, respectively, each collector is the transistor QO301 of a common 
output stage, and QO302. It connects with the base, respectively. Moreover, the node of 
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emitters Is the transistor QS301 as a current switch. It connects with the collector. Transistor 
QD303 And QD304 Emitters are connected and the base is the delay stage G301. Connecting 
with two outputs of positive/negative, respectively, each collector Is the transistor QO301 of a 
common output stage, and QO302. ft connects with the base, respectively. Moreover, the node 
of emitters is the transistor QS302 as a current switch. It connects with the collector. 
[0027] Moreover, each transistor QD301 for differential amplifiers and QD303 A collector is a 
resistance element R301. ft minds and they ere a transistor QD302 and QD304. A collector is a 
resistance element R302. ft minds and is the common supply terminal TVCC of supply voltage 
VCC. ft connects. Moreover, the transistor QS301 as a current switch and QS302 An emitter is 
a current source 1301 and 1302, respectively, ft connects and the nodes of these emitters and a 
current source are resistance elements R303. ft minds and connects. And transistor QS301 The 
base is the adjustment terminal TADJ. ft connects and is a transistor QS302L The base is 
connected to adjustment terminal T/ADJ. 

[0028] Furthermore, the transistor QO301 for an output and QO302 A collector is the common 
supply terminal TVCC of supply voltage VCC. ft connects. Transistor QO301 An emitter is a 
current source 1303. While connecting, ft is the transistor QD202 of the input stage of the course 
delay oircuit 2a The base and the 1st delay stage Q201 ft connects with the negative side input. 
Transistor QO302 An emitter is a current source 1304. While connecting, it is the transistor 
QD201 of the input stage of the course delay oircuit 20. The base and the 1 st delay stage G201 
ft oonnects with the forward side input 

[0029] A control circuit 40 is an external signal SEXT. While outputting alternatively the change- 
over signal S401 for carrying out actuation control of the current switch which was received and 
the course delay circuit 20 mentioned above alternatively, S402, $403 and S404, and „ to the 
course delay circuit 20 in order to adjust the time delay of the fine delay circuit 30 — level — 
being alternative (complementary) — the adjustment signal VADJ and V/ADJ which were set up 
are outputted to the fine delay circuit 30. 

[0030] Here, the time delay adjustment by the fine delay circuit 30 which has the above- 
mentioned configuration is explained with referenoe to drawing 3 . Drawing 3 is adjustment signal 
V/ADJ and VADJ. ft is drawing showing the variation of the output time delay of the fine delay 
circuit 30 at the time of carrying out adjustable [ of the electrical potential difference of a 
between (V/ADJ-VADJ) ]. ft sets to drawing 3 and an axis of abscissa is V/ADJ and VADJ. The 
axis of ordinate expresses the time delay for the electrical potential difference of a between 
(V/ADJ-VADJ), respectively. 

[0031] adjustment signal VADJ by now and the control circuit 40 and the emitter current of the 
transistor [ in / the level of V/ADJ satisfies the relation of VADJ »V/AD J and / the fine delay 
circuit 30 ] QS301 — 2IF it is — if the time delay of the derivation circuit section at the time 
(output stage) Is set to Td — V/ADJ»VADJ it is — transistor QS302 an emitter current — 2IF 
it Is — it is clear that the time delay's of the derivation circuit section at the time it is 
(Td+tauF). ft is the adjustment signal VADJ so that drawing 2 may show. And by changing the 
voltage level of V/ADJ, by the fine delay circuit 30, it can have maximum tauF and the time 
amount of arbitration can be set up. 

[0032] It is clear that linearity is very good by the unit width efface of tauC in the course delay 
circuit 20 by which cascade connection was carried out to the latter part of the fine delay circuit 
30 on the other hand as explained with reference to drawing 2 . Therefore, if it is set as tau 
FXau C, all time delays can be set up in an adjustable range. Moreover, if it is set as tau F=tau 
C, the good delay line of monotonioity is realizable. 

[0033] Next, actuation by the above-mentioned configuration is explained. External signal SEXT 
which directs a time delay from the external device whioh Is not illustrated A control circuit 40 is 
supplied. In a control oircuit 40, it is an external signal SEXT. ft is the adjustment signal VADJ 
that directions are followed and a time delay should be set up. And change-over signal S401 - 
S40N which the voltage level of V/ADJ is adjusted complementary, and it Is outputted to the 
fine delay circuit 20, and is 1 according to directions It is chosen and is outputted to the course 
delay circuit 30. 

[0034] In the fine delay circuit 30. a time delay is a transistor QS301. And QS302 Adjustment 
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signal VADJ And supply level of V/ADJ. It responds to (V/AD J-VADJ). Namely to the time 
amount of Td - (Td+tauF) a between The signal VIN of opposition and V/IN which were tuned 
finely and Inputted with the linear property as shown in drawing 3 It is delayed with this adjusted 
time delay, and is outputted to the course delay circuit 20 of the next step. 
[0035] In the course delay circuit 20, it is the change-over signal S401, for example by the 
control circuit 40. k ****** and is the 1st differential amplifier D201. When rt is chosen and is in 
an operating state, if the signal which received Td - (Td+tauF) delayed action in the fine delay 
oirouit 30 sets the time delay of the derivation circuit section of the course delay circuit 20 to 
Ted, on the whole, only Td+Tcd-Td+tau RTcd will be delayed and it will be outputted. Moreover, 
change-over signal S402 It is supplied and is the 2nd differential amplifier D202, When it is 
chosen and is in an operating state The signal which received Td - (Td+tauF) delayed action in 
the fine delay circuit 30 Is the 1st delay stage G201. If only time amount tau C is delayed further 
and the time delay of the derivation circuit section of the course delay circuit 20 is set to Td 
The signal with which only (Td+TC+Tcd)- (Td+tau F+TC+Tcd) was delayed on the whole Is 
amplified and outputted It is the change-over signal S403 further again. It is supplied and b the 
3rd differential amplifier D203. When It is ohosen and is in an operating state The signal which 
reoeived Td - (Td+tauF) delayed action in the fine delay circuit 30 The 1st and 2nd delay stage 
Q201 and Q202 The signal with which only time amount 2tau C was further delayed, and only - 
(T d+2tauC+Tcd) (T d+tau F+2tauOTcd> was delayed on the whole is amplified and outputted. 
[0036] As mentioned above, according to this operation gestalt, since cascade connection of the 
course delay circuit 20 which can derive a predetermined delay output from two or more steps 
of each stage of a delay stage by which cascade connection be carried out, and the fine delay 
circuit 20 which can adjust the time delay beyond it or it be equal to the 1 step time delay be 
carried out all time delays can be set up in an adjustable range ( tau F>=tau C), and control of 
the shorter amount of delay of pioosecond order be possible. Moreover, by using the delay stage 
which has the same circuitry as the delay stage which constitutes the course delay circuit 20, 
and by which cascade connection was carried out for the fine delay circuit 30 v 1 step time delay 
of a course delay circuit and the maximum variable time of a fine delay circuit become equal, and 
the outstanding monotonioHy property oan be realized. Furthermore, it is the the best for a high 
speed signal processing delay circuit and since the circuitry of a fine delay circuit and a course 
delay circuit is the same, the delay fluctuation to process dispersion, a temperature change, and 
a source effect can be reduced sharply. 

[0037] In addition, in the operation gestalt mentioned above, although it constituted so that a 
current might be adjusted in analog and timing of the fine delay circuit 30 might be performed, it 
is also possible for it not to be limited to this and to control in digital one. For example, as shown 
In drawing 4 , a current value is 2 (n-1). Two or more current sources ID 301 - ID30n from which 
** (however n one or more natural numbers) differs While preparing These current sources ID 
301 - ID30n Delay stage G301 The transistor QD301 for differential amplifiers of an input side, 
and QD302 The node of emitters, the transistor QD303 for differential amplifiers of an output 
side, and QD304 Two or more switching circuits SW301 - SW30n which connects the node of 
emitters alternatively They are a switching circuit SW301 - SW30n by the control signals CI -On 
from a control circuit It is also possible to form the current switching circuit 31 which performs 
change-over control, and to constitute fine delay circuit 30a. Thus, the good delay line of 
monotonioity is realizable by setting the maximum adjustable time delay over a digital setup to 
tauF. for example, being referred to as tau F=tau C by carrying out adjustable [ of the 
adjustment approach of a fine delay circuit ] in digital one. 

[003B] furthermore. It Is shown in drawing 5 — as — course delay circuit 20a — setting — the 
output of each differential amplifier D201, D202. D203, D204. and the transistor QO201 of an 
output stage, and QO202 ft is also possible to form the sense amplifier 21 as a buffer circuit 
between the bases. In this case, since the output capacitance of the transistor QD201 for 
differential amplifiers. QD202, QD203, QD204 and QD205, QD2Q6, QD207, QD208, and - becomes 
small seemingly, improvement in the speed can be attained. 
[0039] 

[Effect of the Invention] Since cascade connection of the course delay circuit which can derive 
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a predetermined delay output from two or more steps of each stage of a delay circuit by which 
cascade connection was carried out and the fine delay circuit which oan adjust the time delay 
beyond it or It Is equal to the 1 step time delay was carried out according to the delay circuit of 
this invention as explained above, all time delays can be set up in an adjustable range. 
[0040] Moreover, according to the delay circuit of this invention, by using the delay stage of the 
same circuitry as the delay stage whioh constitutes a course delay circuit and by which cascade 
connection was carried out for a fine delay circuit 1 step time delay of a course delay circuit 
and the maximum variable time of a fine delay circuit become equal, and the outstanding 
monotonicHy property can be realized. 

[0041] Moreover, according to the delay circuit of this Invention, the good delay line of 
monotoniclty Is realizable by carrying out adjustable like digital one of a fine delay circuit by 
setting the maximum adjustable time delay over a digital setup to tauF (the 2nd time delay), for 
example, being referred to as tau F=tau O (the 1st time delay). 

[0042] Moreover, according to the delay circuit of this invention, it is the the best for a high 
speed signal processing delay circuit Moreover, since the circuitry of a fine delay circuit and a 
course delay circuit is the same, the delay fluctuation to process dispersion, a temperature 
change, and a source effect oan be reduced considerably. 



[Translation donej 
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